1. Introduction {#sec1}
===============

Rheumatic fever (RF)/rheumatic heart disease (RHD) is the result of autoimmune response triggered by group A Beta-hemolytic streptococcal pharyngitis leading to immune-inflammatory injury to cardiac valves. The inflammatory injury of the pericardium and myocardium is transient and self-limiting, without leaving any squeal. The valvular injury is the main cause of acute and long-term morbidity and mortality in patients with acute RF and RHD, respectively.[@bib1], [@bib2] The risk of RF/RHD is primarily determined by the host, agent, and environmental factors.[@bib3] RF/RHD is considered to be a physical manifestation of poverty. The distribution of the burden of RF/RHD mirrors the distribution of human development index in given geographical region, state, and nation, as well as globally. The socioeconomic state, access, and quality of health-care services are important determinants of the burden of RF/RHD. The incidence of RF/RHD has practically disappeared in developed countries.[@bib4] However, RF/RHD continues to be a major cause of disease burden among children, adolescents, and young adults in low-income countries and even in high-income countries with socioeconomic inequalities. The burden of RF/RHD is likely to be variable among countries, within the country, within states depending upon the socioeconomic status and state of health systems.[@bib5], [@bib6], [@bib7], [@bib8] The major determinant of the persistent burden of RF/RHD in developing countries are because of poor standards of living conditions, overcrowding, and lack of strong population-based surveillance system for pharyngitis, RF, and RHD for effective implementation of primary and secondary preventive interventions.[@bib9], [@bib10] The Indian Council of Medical Research initiated community control and prevention of RF/RHD through hospital-based passive surveillance and implementation of secondary prophylaxis under Jai Vigyan Mission Mode Project from 2000 to 2010.[@bib10] There is no structured programme at a national level for prevention and control of RF/RHD. However, changing socioeconomic state, improved living conditions, and improving connectivity and access to health-care centers after adopting a policy of economic liberalization and globalization since 2000 is expected to have translated into a decline in the burden of RF/RHD in India.

2. Methods of detection {#sec2}
=======================

The detection of RF/RHD in the population is challenging. The RF and RHD are detected based on symptoms, audible murmurs, and echocardiography evidence of structural and functional abnormalities of the affected valves. The ability to detect murmurs and differentiating functional from pathological murmurs depends upon clinical skills of the physician, settings of auscultation, and so on. Thus, auscultation-based methods of screening RF/RHD have their limited sensitivity and specificity. The morphological and Doppler-based detection of RHD in echocardiography study has high sensitivity and specificity in detection being more objective and subject to validation. The echocardiography detects RHD in patients without being clinically evident called subclinical RHD. The prevalence of subclinical RHD is about seven to ten times higher than clinically evident RHD.[@bib50], [@bib52] However, the clinical significance of subclinical RHD needs to be validated in future long-term follow-up studies.

The severity and nature of valvular dysfunction in RHD is variable from patient to patient. The hemodynamically insignificant valvular dysfunctions may be asymptomatic and may not be evident on clinical examination, thus escapes detection. Thus, the variable prevalence of RHD reported may be partly related to differences in the methodology adopted for screening.

3. Data sources for estimation of burden of RF/RHD {#sec3}
==================================================

Hospital admission data, hospital- and population-based registry data, and population-based active surveillance studies are databases that could be used to estimate the burden and their trends in a population. The hospital admission and hospital-based registries data may provide a rough estimation of the burden of clinically symptomatic patients from the population that is served by the hospital. In hospital admission data, the relative proportion of RF/RHD is subject to vary with changes in the incidence of other diseases and admission policy followed by a given hospital, thus affects the reliable estimate of the trends of the burden of RF/RHD. Population-based registry data provide more reliable estimates of burden and their trends of symptomatic patients. The prospective active surveillance of the population is the only method to determine the burden of any given disease and their trends. In India, there are no hospital- and population-based registries or systematically performed periodic active surveillance studies on the country representative sample to estimate the burden and trends of RF/RHD. The data available are individual investigator-led survey studies performed mostly in school children of urban and some rural areas. The registry studies and population-based survey studies reveal the prevalence of RHD peaks around 30--40 years or so. Thus, prevalence reported in school age group may be an underestimation of disease burden.

4. Epidemiological trends of burden of RHD in India {#sec4}
===================================================

The burden of RF/RHD has been estimated and reported since 1960s from hospital-based \[[Table 1](#tbl1){ref-type="table"}\], population-based \[[Table 2](#tbl2){ref-type="table"}\], and school-based \[[Table 3](#tbl3){ref-type="table"}\] survey studies, using different case definitions and screening methods. There are no survey studies estimating the burden of RF/RHD based on national- and state-representative sample using uniform screening method at the different timeline to evaluate the trends of the burden of RF/RHD in India.Table 1Hospital-based studies done in India showing hospital admission rates.Table 1AuthorStudy areaYear of surveyPERCENTAGEKutumbiah[@bib11]Madras194139.5%Sanjeevi[@bib12]Bombay194646.8%Vakil[@bib13]Bombay195424.7%Padamavati[@bib14]Delhi195839.1%Devichand[@bib15]Shimla195950.6%Mathur[@bib16]Agra196035.1%Malhotra[@bib17]Punjab196327.6%Banerjea[@bib18]Calcutta196544.6%Routry[@bib19]Orissa200345%Table 2Population-based survey studies in India (clinical screening).Table 2AuthorAge groupNumberStudy areaYear of surveyPrevalence/1000Roy[@bib20]5--304847Ballabhgarh19692.2Mathur[@bib21]5--307953Agra19711.8Berry[@bib22]5--3019,768Chandigarh19721.87Grover et all[@bib23]5--1531,200Rural area of Ambala, Haryana1988--19910.9Lalchandani et al[@bib24]7--153963Rural area of Kanpur20004.58Table 3School-based surveys on prevalence of rheumatic heart disease based on clinical screening only.Table 3AuthorYear of surveyAreaPopulationAge groupPrevalence\
/1000ICMR[@bib25]1972--1975Agar, Alleppy, Delhi Hyderabad133,000--6--11Koshi et al[@bib26]1975--1978Vellore38904--164.4ICMR[@bib27]1982--1990Delhi13,5095--152.9ICMR[@bib28]1984--1987Delhi, Varanasi, Vellore52,793--1.0--5.7Patel et al[@bib29]1986Anand11,3468--182.03Avasthi[@bib30]1987Ludhiana60056--161.3Padamavati[@bib31]1984--1994Delhi40,0005--103.9Kumar et al[@bib32]1992Churu10,1685--153.34

5. Hospital admission data {#sec5}
==========================

Hospital admission data \[[Table 1](#tbl1){ref-type="table"}\] show a decline in admission rates of RF/RHD overtime period. RF/RHD accounted for 30%--50% of total admissions until the early 1980s, and it declined to 5%--26% in the late 1990s.[@bib11], [@bib12], [@bib13], [@bib14], [@bib15], [@bib16], [@bib17], [@bib18], [@bib19] Whether the declining trends in admission rate truly reflects the decreasing incidence is much to be debated. Inadequacy of hospital statistics, varied hospital admission policies, and a large number of corporate hospitals coming up can cause significant bias in hospital-based data. The emergence of an epidemic of coronary artery disease (CAD) and lack of interest among cardiologists in RHD has further compounded the problem. The only useful forgone conclusion can be derived from hospital statistics if the data are derived from the same hospital over a different time period. But data of this kind is scaring. A study from territory care center in Orissa showed no change in admission rate over a decade and the admission rate of 50% in 2013.[@bib19]

6. Population-based survey studies {#sec6}
==================================

Data from population-based surveys \[[Table 2](#tbl2){ref-type="table"}\] are likely to give us reliable estimates of the prevalence of RF/RHD. There are no data available about the prevalence of RF/RHD based on active surveillance studies in a representative sample of the country or the state. The available data are based on estimation performed in cities or rural areas of certain regions of the states in different points of time using either clinical screening method alone or confirmed by echocardiography. The prevalence of RF/RHD reported from cities of Agra, Chandigarh, and Delhi based on clinical examination alone in late 1960s and early 1970s ranged from 1.8/1000 to 4.58/1000.[@bib20], [@bib21], [@bib22], [@bib23], [@bib24]

7. School-based surveys {#sec7}
=======================

7.1. Survey studies with clinical screening method (period 1960s to 1990s) {#sec7.1}
--------------------------------------------------------------------------

The estimation of prevalence of RF/RHD among school children performed in the period from 1970s until 1990s was based on clinical screening method alone \[[Table 3](#tbl3){ref-type="table"}\]. Thus, reported figures of prevalence have the limitation of sensitivity and specificity of the cases reported. The reported prevalence from different regions of the country in urban and rural school children varied from 1 to 11 per 1000.[@bib25], [@bib26], [@bib27], [@bib28], [@bib29], [@bib30], [@bib31], [@bib32]

7.2. Survey studies with clinical screening confirmed by echocardiography (period 1990s to 2000) {#sec7.2}
------------------------------------------------------------------------------------------------

The epidemiological studies with clinical screening followed by confirmation of suspected cases with echocardiography using Doppler-based World Health Organization criteria in urban and rural school children in different regions of the country from early 990s to early 2000s reported prevalence ranging from 1.3/1000 to 6.4/1000 \[[Table 4](#tbl4){ref-type="table"}\]. The reported variation in the prevalence of RF/RHD may be an indication of a varied burden of RF/RHD across different regions, urban, rural areas, and/or temporal trends apart from methodological-related factors.[@bib23], [@bib34], [@bib35], [@bib36], [@bib37], [@bib38]Table 4School-based surveys on prevalence of rheumatic heart disease based on clinical screening followed by echocardiography confirmation.Table 4AuthorYear of surveyAreaMethodology\
Clinical + echocardiography of suspected (C + E~S~)PopulationAge groupPrevalence\
/1000Grover et al[@bib23]1988--91[@bib23]Ambala (Rural)(C + E~S~)31,2005--152.1Agarwal et al[@bib34]1991Aligarh (Rural)(C + E~S~)37605--156.4Gupta et al[@bib35]199,2[@bib35]Jammu(C + E~S~)10,2636--161.3Thakur et al[@bib36]1992--93Shimla (Rural + Urban)(C + E~S~)10,8055--164.8 (rural)\
1.98 (urban)Vashistha et al[@bib37]1993Agra (Urban)(C + E~S~)84495--151.42Kaul et al[@bib38]1999--2000Srinagar(C + E~S~)41255--155.09Jose et al[@bib39]2001--02Vellore (Rural)(C + E~S~)229,8296--180.68ICMR[@bib10]2002--05Kochi, Vellore, Chandigarh, Indore, Shimla, Dibrugarh, Wayanad, Jodhpur, Jammu, Mumbai (Rural + urban)(C + E~S~)100,2695--150.43--1.47Kumar et al[@bib40]2002--09Rupnagar(C + E~S~)8135--141Misra et al[@bib41]2003--06Gorakhpur(C + E~S~)118,2124--180.5Periwal et al[@bib42]2006Bikaner (urban)(C + E~S~)32925--140.67**Negi et al**[@bib43]**2007--08Shimla** (Rural + urban)(C + E~S~)**15,1455--150.59** (95% C.I. 0.22--0.96/1000),Rama et al[@bib33]2011Prakasam A.P(C + E~S~)42135--160.7

7.3. Survey studies with clinical screening confirmed by echocardiography after 2000 {#sec7.3}
------------------------------------------------------------------------------------

The survey studies in school children performed after 2000[@bib10], [@bib33], [@bib39], [@bib40], [@bib41], [@bib42], [@bib43] using similar screening methods that were followed in 1990s to 2000s revealed consistent decline in the burden to less than 1/1000 across the country compared with figures reported from survey studies before 2000 \[[Fig. 1](#fig1){ref-type="fig"}, [Fig. 2](#fig2){ref-type="fig"}\]. The survey study carried out by our group in urban and rural school children of Shimla in early 1990s and mid-2000 using similar screening methods in same geographical region demonstrated about a five-fold decline in the prevalence of RF/RHD.[@bib43] This decline was associated with improvement in the indicators of socioeconomic state and health-care services.Fig. 1Trends of changes in prevalence of RF/RHD from early 1990s to late 2000 using clinical screening confirmed with echocardiography.Fig. 1Fig. 2**-** Prevalence of RF/RHD in ICMR-led multicentric survey studies under Jai Vigyan Mission Mode Project from 2000 to 2010.Fig. 2

7.4. Echocardiography-based screening studies in school children after 2000 {#sec7.4}
---------------------------------------------------------------------------

The auscultation-based screening method has low sensitivity and specificity. The patients with RF/RHD with the mild valvular damage that may be asymptomatic and without an apparent murmur on auscultation thus could be missed on clinical screening. The ability to detect subtle signs of valvular dysfunction also would depend upon clinical skills of the investigator. Thus, the auscultation based detection of RHD has limited sensitivity for detection of children with minimal valvular dysfunction.[@bib44] The echocardiography-based survey studies[@bib33], [@bib45], [@bib46], [@bib47], [@bib48], [@bib49] using evidence-based echocardiography criteria among school children in different parts of the country and other developing countries have reported the prevalence of subclinical RHD many folds higher than clinically evident RHD[@bib50] \[[Table 5](#tbl5){ref-type="table"}\].Table 5School-based surveys on prevalence of rheumatic heart disease based on echocardiography as a screening tool.Table 5AuthorBhaya et al[@bib45]Saxena et al[@bib46]Nair et al[@bib47]Shrestha et al[@bib48]Saxena et al[@bib49]Geographical area in stateBikaner, RajasthanBallabhgarh, HaryanaTrivandrum, KeralaSunsari district in Eastern NepalBallabhgarh block of Haryana, Navsari and Dang districts in southern part of Gujarat, Manipur, and Goa.Year of survey20102008--20102013--20142012--142008--2016Rural/urbanUrbanRuralUrbanRuralRural + urbanAge6--155--155--155--155--15Sample size105962702060517816,294Sampling unit (Schools/population based)SchoolsSchoolSchoolsSchoolsSchoolsClinical + echocardiography of all (C + E~A~)(C + E~A~)(C + E~A~)(C + E~A~)(C + E~A~)(C + E~A~)Echocardiography criteria for diagnosisWHOWHOWorld heart federation (WHF)WHFWHFPrevalence reported with/1000 (95% CI)51 (95% CI: 38--64)20.4 (95% CI, 16.9--23.9).\
Clinical prevalence was only 0.85.83 (95% CI, 2.5--9.1)\
Clinical prevalence was only 2.410.2 (95% CI, 7.5--13.0)7.7 (95% CI 6.3, 9.0).\
Borderline RHD: 5.7\
Definite RHD: 2\
Clinical RHD: 0.36[^1]

Moreover, real benefit of screening echocardiography on disease outcome is yet to be proven. Questions remain regarding the natural history of the valve lesions diagnosed by screening echocardiography. Whether the abnormalities detected on portable echocardiography will reverse over time, spontaneously or with secondary prophylaxis, is also unclear. Follow-up data are reported in three observational studies.[@bib45], [@bib46], [@bib51] Regression of morphological abnormalities and/or decrease in the degree of valve regurgitation due to RHD was seen in 28%--33% of children over a follow-up period of 6--24 months. Valvular lesions remain the same in majority of children (47%--68%). Only a small minority (8% or less) showed progression of the valvular abnormalities.[@bib43] The clinical significance of subclinical RHD needs to be established in appropriately designed large future studies in terms of probability of their progression and efficacy of secondary prophylaxis on the progression of valvular dysfunction.

8. Decline of RHD: is it real? {#sec8}
==============================

Systematic review of available data on epidemiological studies of RF/RHD conducted in different points of time using clinical screening followed by echocardiography confirmation as the methods of detecting RF/RHD, across the country by individual authors and Indian council of medical research (ICMR) lead multicentric survey studies, suggest declining trends especially after 2000 onwards \[[Fig. 3](#fig3){ref-type="fig"}\]. The two-point survey study carried out over a gap of about 15 years among school children of an urban and rural area of Shimla by our group using similar screening methods also demonstrated five-fold decline in the prevalence of RF/RHD.[@bib43] The reasons for declining trends could be the improvement in the socioeconomic state of our country,[@bib44] access and affordability of health-care services, and change in health-seeking behavior of the community leading to timely treatment of acute pharyngitis could be some of the important factors responsible for declining incidence of RF/RHD.Fig. 3Trends of change in prevalence of RF/RHD in ICMR-led multicentric survey studies across the country over a period of 40 years.Fig. 3

It is important to recognize that India is witnessing transitions in socioeconomic and health-care sector and also there is a rapid urbanization. However, there are wide disparities in socioeconomic state and quality and access to health-care services across the states, within state, and urban and rural areas. Because RF/RHD is believed to be a physical manifestation of poverty, the burden of RF/RHD is likely to be variable across the state. Unfortunately, no temporal data are available from states with poor health indicators to get insights about the disease trends.

9. Estimated burden of disease {#sec9}
==============================

From available data from RHD studies, the estimated average prevalence is 0.5/1000 children in age group of 5--15 years. There are expected to be more than 3.6 million patients of RHD estimated from 2011 census.[@bib52] Almost 44,000 patients are added every year, and expected mortality is 1.5%--3.3% per year. These figures still may be the underestimation of disease as no data are available from large populous, underdeveloped states such Bihar, Jharkhand, and so on. Worldwide, there were 319,400 (95% uncertainty interval, 297,300 to 337,300) deaths due to RHD in 2015. Global age-standardized mortality because of RHD decreased by 47.8% (95% uncertainty interval, 44.7 to 50.9) from 1990 to 2015, but large differences were observed across regions. In 2015, the highest age-standardized mortality because of prevalence of RHD was observed in Oceania, South Asia, and central sub-Saharan Africa. In year 2015, the estimated cases of RHD were 33.4 million, and disability adjusted life years because of RHD were 10.5 million.[@bib53]

9.1. Limitations of all available data on trends of the burden of RF/RHD in India {#sec9.1}
---------------------------------------------------------------------------------

The prospective active surveillance data on country and/or state representative sample is lacking to evaluate the trends of prevalence and incidence of RF/RHD in our country. There is lack of studies from most of the underdeveloped states of India where the prevalence of the disease is likely to be high. The available reports on the prevalence of RF and RHD also are limited by methodological strength and statistical rigors, variable methods of screening, nonuniform diagnostic criteria, the variable competence of survey teams to detect cases, different referral criteria for echocardiographic screening, and varied echocardiographic criteria used.[@bib54] The participation rate of eligible population, urban, rural population, and so on is not reported in a number of studies. Thus, reported figures of a burden of RF/RHD trends need to be viewed in this context. Although results of studies over the time period are showing declining trends of RHD, they cannot be extrapolated to the whole of the country.

10. Challenges and opportunities for prevention and control of RF/RHD {#sec10}
=====================================================================

The RF/RHD continues to be an important cause of disease burden in India, affecting the population in their prime and productive phase of the life. India is a young country having 65% of the population younger than 35 years. Because RF/RHD affects the young population, the potential and productivity of the country are affected adversely. Thus, it is imperative that country must invest in prevention and control of RF/RHD. The health professionals have an important advocacy role to play to influence policy makers for initiating policy interventions for prevention and control of RF/RHD. RF/RHD is a preventable cause of disease burden. The most effective intervention for prevention of RF/RHD could be creating enabling environment through policy intervention to promote sanitation, hygiene, better living conditions, nutrition, and access to affordable and quality health-care equitably;[@bib55], [@bib56] strengthening of primary health-care services for detection of children with streptococcal pharyngitis; opportunistic screening for RF/RHD; implementing evidence-based primary and secondary preventive intervention; and establishing strong population-based registry centers for surveillance for monitoring trends, management practices, and outcomes that are important to evaluate the impact of primary preventive intervention implemented at community and health system level. The community-level interventions through existing community health volunteers accredited social health activist (ASHAs) would play an important role in primordial and primary prevention through community health literacy initiatives as shown by Cuban experience.[@bib57] There is a need for allocating more funds in the health sector in prevention and control programmes rather than in curative health-care services if we aim to decrease the disease burden and promote public health in a cost-effective manner.

RHD has been forgotten by western developed countries, and there is a clear-cut decline in new research in the West. We need to invest in new research to fulfill the gaps of understanding of the disease. Making RHD a notifiable disease such as in New Zealand, Australia, and South Africa and starting a national programme can fill the gaps of implementation in care of RF/RHD.[@bib58] Availability of penicillin is a burning issue in most of the states in India. Health-care personnel involved in providing injections must be educated about skin testing, proper technique, and allergic reactions, thus improving the secondary prophylaxis rates which can lead to control of RHD by preventing reoccurrences.[@bib59]

As we can narrow down and fill the gaps of understanding of disease with new research and carry out better implementation in health-care delivery, we are heading in the right direction to control or even think of eradication the disease.

11. Conclusions {#sec11}
===============

RF/RHD is the disease of poverty. India, having more than 1.3 billion population with wide social and economic disparities RF/RHD, will continue to be a major public health problem. Although data on incidence and prevalence on a nationally represented sample are lacking, there is an indication of declining trends especially after 2000 mirroring with improving economic growth of the country. There is a need for establishing population-based surveillance system in the country for monitoring trends, management practices, and outcomes to formulate informed guidelines for initiating contextual interventions for prevention and control of RF/RHD.
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[^1]: CI, confidence interval; RHD, rheumatic heart disease.
